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iv
es
,
Vo
1u
me
II
.
Wa
sh
in
gt
on
,
D.
C.
an
d
Ot
ta
wa
,
Oc
to
be
r
19
77
.
pp. 3-7.
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Th
e
ob
je
ct
iv
es
se
rv
e
as
a m
in
im
um
ta
rg
et
wh
er
ev
er
wa
te
r
qu
al
it
y
objectives currently are not being met.
3.
For
jur
isd
ict
ion
all
y-d
esi
gna
ted
are
as
whi
ch
hav
e
out
sta
ndi
ng
nat
ura
l
res
our
ce
val
ue
and
exi
sti
ng
wat
er
qua
lit
y
bet
ter
tha
n
the
obj
ect
ive
s,
the
exi
sti
ng
wat
er
qua
lit
y
sho
uld
be
mai
nta
ine
d
or
enh
anc
ed.
4.
Spe
cif
ic
wat
er
qua
lit
y o
bje
cti
ves
are
to
be
met
at
the
per
iph
ery
of
mix
ing
zon
es.
Thi
s a
ssu
mes
tha
t w
ate
r q
ual
ity
con
dit
ion
s b
ett
er
tha
n
the
obj
ect
ive
s
wil
l
res
ult
bey
ond
the
mix
ing
zon
es.
The
obj
ect
ive
s
sho
uld
be
imp
lem
ent
ed
in
con
cer
t w
ith
lim
ita
tio
ns
on
the
ext
ent
of
mix
ing
zon
es
or
zon
es
of
inf
lue
nce
and
loc
ali
zed
are
as
as
des
ign
ate
d
by the regulatory agencies. ,
5.
In
rec
omm
end
ing
obj
ect
ive
s t
o p
rot
ect
raw
dri
nki
ng
wat
er
sup
pli
es,
it
has
bee
n a
ssu
med
tha
t a
min
imu
m l
evel
of
tre
atm
ent
is
pro
vid
ed
bef
ore
distribution to the public for consumption.
6.
Ad0
pti
on
of
obj
ect
ive
s d
oes
not
pre
clu
de
the
nee
d f
or
fur
the
r s
tud
y
of
the
eff
ect
s o
f p
oll
uta
nts
on
the
aqu
ati
c e
nvi
ron
men
t.
7. Since infinite combinations of water quality characteristics may
occ
ur,
the
obj
ect
ive
s o
fte
n a
re
una
ble
to
tak
e i
nto
acc
oun
t
,
ant
ago
nis
tic
, s
yne
rgi
sti
c a
nd
add
iti
ve
eff
ect
s b
eca
use
of
lac
k o
f
data
.
!
8. Since new data may lead to modified recommendations, the objectives
are subject to continual review.
9.
No
ade
qua
te
sci
ent
ifi
c d
ata
bas
e c
an
exi
st
for
est
abl
ish
ing
scientifically justifiable numerical objectives for “unspecified
non-persistent toxic substances and complex wastes". Therefore,
criteria for developing an operationally defined objective for local
situations have been recommended.
The AEOC endorses this framework with the caveat that objectives do not
consider socio-economic factors. The Committee agrees with previous
recommendations (Water Quality Board 1980)2 that socio-economic impact
assesSment is the reSponsibility of the jurisdictions and should be done at
the time of setting of regulations or standards. Objectives should not be
construed as regulations or standards but should be considered as goals to be .
achieved and as a minimum basis for developing regulations or standards by the
jurisdictions.
In the course of their development, the objectives have been subject to
iterative reviews within the Committee and by scientists with relevant
expertise. The Committee, however, welcomes any comments or additional
scientific evidence relevant to any of the objectives and consistent with the
above philosophy.
2 Alternatives for Managing Chlorine Residuals: A Social and Economic
Assessment. Final Report of the Chlorine Objectives Task Force to the
Great Lakes Water Quality Board. Windsor, Ontario, April 1980.
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 2. Objectives
2.1 MICROBIOLOGY
EXISTING OBJECTIVE
Wat
ers
use
d f
or
bod
y c
ont
act
rec
rea
tio
n a
cti
vit
ies
sho
qu
be
sub
sta
nti
aTT
y
fre
e f
rom
bac
ter
ia,
fun
gi,
or
vir
use
s t
hat
may
pro
duc
e e
nte
ric
dis
ord
ers
or
eye
, e
ar,
nos
e,
thr
oat
and
ski
n i
nfe
cti
ons
or
oth
er
hum
an
dis
eas
es
and
infections.
RATI
ONAL
E:
MICR
OBIO
LOGI
CAL
RECR
EATI
ONAL
WATE
R QU
ALIT
Y OB
JECT
IVES
Bat
hin
g w
ate
r o
bje
cti
ves
bas
ed
on
feca
T c
oTi
for
mS
hav
e a
tte
mpt
ed
to
pro
vid
e a
mea
ns
for
red
uci
ng
sew
age
mic
roo
rga
nis
ms
in
rec
rea
tio
nai
wat
ers
to
Tow
Tev
eis
.
The
qua
nti
tie
s a
nd
typ
es
of
sew
age
bac
ter
ia
in
bat
hin
g w
ate
rs
exh
ibi
t o
nTy
gen
era
T r
eia
tio
nsh
ips
to
i11
nes
s i
n s
wim
mer
s.
Swi
mmi
ng
reT
ate
d
i11n
esse
s ar
e kn
own
to b
e ey
e, e
ar,
nose
, s
kin
and
gast
roin
test
inai
in
natu
re.
Micr
oorg
anis
ms t
hat
can
caus
e th
ese
iTTn
esse
S ca
n be
pres
ent
in
sew
age
poT
Tut
ed
rec
rea
tio
nal
wat
ers
, b
ut
are
not
a1w
ays
in
suf
fic
ien
t n
umb
ers
to
cau
se
inf
ect
ion
s.
The
unc
ert
ain
tie
s a
bou
t t
he
qua
nti
tie
s o
f o
rga
nis
ms
and
the
ir
pat
hog
eni
cit
y h
ave
Ted
to
the
add
iti
on
of
saf
ety
fac
tor
s t
o r
egu
Tat
ion
s
mak
ing
the
m m
ore
str
ing
ent
.
The
se
saf
ety
fac
tor
s,
int
end
ed
to
cor
rec
t f
or
the
ore
tic
aT
and
tec
hno
iog
ica
i
ano
maT
ies
, c
an
res
uit
in
ove
rpr
ote
cti
on
by
regulations which can be costTy to maintain.
Th
er
ef
or
e,
th
e
es
ta
bT
is
hm
en
t
of
pr
ec
is
e
re
1a
ti
on
sh
ip
s
be
tw
ee
n
in
di
ca
to
r
an
d
Sp
ec
if
ic
ba
th
in
g
re
Ta
te
d
iT
Tn
eS
S
is
de
si
ra
bT
e
fo
r
us
e
in
re
gu
la
to
ry
cr
it
er
ia
.
It
is
ai
so
im
po
rt
an
t
th
at
th
e
sp
ec
if
ic
i1
1n
es
s
in
di
ca
to
r
re
fi
ec
t
th
e
pr
ob
ab
Te
so
ur
ce
of
di
se
as
e
or
ga
ni
sm
s.
Th
er
ef
or
e,
re
co
mm
en
da
ti
on
s
ha
ve
bee
n
dev
e10
ped
for
bat
her
pro
tec
tio
n,
Spe
cif
ica
TTy
fro
m g
ast
roe
nte
rit
is
iT
Tn
es
s
ba
se
d
on
hu
ma
n
en
te
ri
c
in
di
ca
to
r m
ic
ro
or
ga
ni
sm
s
an
d
fo
r
pr
ot
ec
ti
on
Sp
ec
if
ic
aT
Ty
ag
ai
ns
t
ea
r
in
fe
ct
io
ns
,
ba
se
d
on
th
e
op
po
rt
un
is
ti
c
pa
th
og
en
mo
st
co
mm
on
iy
as
so
ci
at
ed
wi
th
ea
r
in
fe
ct
io
ns
,
Ps
eu
do
mo
na
s
ae
ru
gi
no
sa
.
Re
ce
nt
epi
dem
ioT
ogi
caT
wor
k
has
pro
vid
ed
fir
m c
aus
e/e
ffe
ct
dat
a
for
the
se
rec
omm
end
ati
ons
.
As
fur
the
r d
ata
bec
ome
ava
iTa
bTe
to
sup
por
t
the
cau
se/
eff
ect
rei
ati
ons
hip
s f
or
the
oth
er
def
ine
d b
ath
ing
acq
uir
ed
iTT
nes
ses
men
tio
ned
ear
1ie
r,
Spe
cif
ic
rec
omm
end
ati
ons
wi1
1
be
mad
e.
Ide
aTT
y
the
y
wiT
T
dea
T
wit
h
the
Spe
cif
ic
pat
hog
ens
inv
oiv
ed
and
wi1
1
ais
o c
ons
ide
r v
iru
ses
.
 
  
 
 
2.
l.
l
MI
CR
OB
IO
LO
GI
CA
L
IN
DI
CA
TO
RS
RECOMMENDATION
Fo
r
th
e
pr
ot
ec
ti
on
of
hu
ma
n
re
cr
ea
ti
on
al
us
er
s
of
ne
ar
sh
or
e
wa
te
rs
fr
om
in
cr
ea
se
d
ga
st
ro
in
te
st
in
al
(G
I)
il
ln
es
se
s,
*
th
e
en
te
ro
co
cc
us
(m
E)
ge
om
et
ri
c
me
an
le
ve
l
sh
ou
ld
no
t
ex
ce
ed
11
/1
00
mL
;
si
mi
la
rl
y
th
e
Es
ch
er
ic
hi
a
co
li
(m
TE
C)
ge
om
et
ri
c
me
an
le
ve
l
sh
ou
ld
no
t
ex
ce
ed
23
/1
00
mL
.
Me
an
le
ve
ls
sh
ou
ld
be
mo
ni
to
re
d
by
an
al
yz
in
g
a
mi
ni
mu
m
of
fi
ve
sa
mp
le
s
fr
an
on
e
lo
ca
ti
on
co
ll
ec
te
d
over a four—week period.
NO
TE
:
Th
e
va
lu
es
sp
ec
if
ie
d
ab
ov
e
ar
e
th
e
lo
we
st
st
at
is
ti
ca
ll
y
si
gn
if
ic
an
t,
de
te
ct
ab
le
in
di
ca
to
r
le
ve
ls
as
so
ci
at
ed
wi
th
th
e
on
se
t
of
GI
sw
im
mi
ng
-a
ss
oc
ia
te
d
il
ln
es
se
s;
as
we
ll
,
th
e
“n
o—
ef
fe
ct
"
le
ve
ls
ca
nn
ot
be
me
as
ur
ed
.
It
is
re
co
mm
en
de
d
th
at
re
gu
la
to
ry
ag
en
ci
es
,
in
ac
hi
ev
in
g
th
es
e
ob
je
ct
iv
es
,
sh
ou
ld
de
ve
lo
p
st
an
da
rd
s
wh
ic
h
ma
y
be
ba
se
d
on
GI
il
ln
es
s
ra
te
s
pe
r
10
0,
00
0
pe
rs
on
s
(y
)
us
in
g
th
e
fo
ll
ow
in
g
re
la
ti
on
sh
ip
s
wi
th
le
ve
ls
of
th
e
or
ga
ni
sm
s
(x
1)
(s
ee
al
so
Fi
g.
1)
:
Fo
r
En
te
ro
co
cc
us
pe
r
10
0
mL
(x
1)
th
e
re
gr
es
si
on
eq
ua
ti
on
is
:
y = -213.2 + 613.8 log x1.
Fo
r
E,
£2
11
pe
r
10
0
mL
(x
2)
th
e
re
gr
es
si
on
eq
ua
ti
on
is
:
y = -150.5 + 423.5 log x2
RATIONALE
Introduction
Pa
th
og
en
ic
mi
cr
oo
rg
an
is
ms
in
wa
te
r
ar
e
di
ff
ic
ul
t
to
mo
ni
to
r
du
e
to
pr
ob
le
ms
wi
th
sa
mp
le
co
ll
ec
ti
on
,
an
al
yt
ic
al
te
ch
ni
qu
es
an
d
be
ca
us
e
th
ey
oc
cu
r
on
ly
sp
or
ad
ic
al
ly
in
po
ll
ut
ed
wa
te
r.
Hi
st
or
ic
al
ly
,
su
rr
og
at
es
ha
ve
be
en
us
ed
to
in
di
ca
te
fe
ca
l
po
ll
ut
io
n
an
d
th
e
mi
cr
ob
io
lo
gi
ca
l
qu
al
it
y
of
th
e
wa
te
r.
To
ta
l
co
li
fo
rm
s
(T
C)
ha
ve
be
en
th
e
tr
ad
it
io
na
l
in
di
ca
to
r
fo
r
ov
er
70
ye
ar
s,
bu
t
si
nc
e
so
me
co
li
fo
rm
s
ar
e
na
tu
ra
l
in
ha
bi
ta
nt
s
of
wa
te
r
an
d
so
il
,
th
e
TC
gr
ou
p
is
no
w
in
fr
eq
ue
nt
ly
us
ed
.
(T
ab
le
l
by
Du
fo
ur
(1
98
2)
sh
ow
s
th
at
on
ly
23
.3
%
of
56
U.
S.
ju
ri
sd
ic
ti
on
s
pr
es
en
tl
y
us
e
TC
).
Th
e
fe
ca
l
co
mp
on
en
t
of
th
e
to
ta
l
co
li
fo
rm
s
ar
e
th
os
e
co
li
fo
rm
s
th
at
ar
e
pr
es
en
t
in
th
e
fe
ce
s
of
wa
rm
-b
lo
od
ed
an
im
al
s
an
d
th
e
fe
ca
l
co
li
fo
rm
s
(F
C)
te
st
de
te
rm
in
es
th
at
fr
ac
ti
on
.
Th
e
pr
es
en
ce
of
FC
do
es
no
t
un
eq
ui
vo
ca
ll
y
es
ta
bl
is
h
th
e
pr
es
en
ce
of
di
se
as
e-
pr
od
uc
in
g
ba
ct
er
ia
.
St
at
is
ti
ca
l
an
al
ys
is
,
ho
we
ve
r,
ca
n
sh
ow
th
at
if
th
e
FC
co
un
t
re
ac
he
s
a
ce
rt
ai
n
le
ve
l,
th
er
e
is
a
hi
gh
pr
ob
ab
il
it
y
of
th
e
co
nc
ur
re
nt
pr
es
en
ce
of
so
me
ty
pe
s
of
hu
ma
n
pa
th
og
en
s.
Th
e
pr
es
en
ce
of
FC
us
ua
ll
y
in
di
ca
te
s
th
e
pr
es
en
ce
of
hu
ma
n
or
ani
mal
fe
ce
s.
*
Il
ln
es
s
is
co
ns
id
er
ed
sy
no
ny
mo
us
wi
th
sy
mp
to
ms
su
ch
as
fe
ve
r,
vo
mi
ti
ng
,
di
ar
rh
ea
an
d
st
om
ac
h
cr
am
ps
,
an
d
is
no
t
me
an
t
to
su
gg
es
t
th
e
cl
as
si
ca
ll
y
rep
ort
abl
e
sym
pto
ms
suc
h
as
tho
se
exp
res
sed
in
typ
hoi
d
fev
er,
etc
.
  
 
   
whe
nev
er
suc
h r
esu
1ts
are
rep
ort
ed.
Whi
1e
bot
h e
nte
roc
occ
i a
nd
E.
co1i
va1
ues
are
sug
ges
ted
to
be
use
d i
n r
egu
1at
ing
wat
er
qua
1it
y,
eit
her
may
be
use
d
individua11y.
Samp1ing
The data used to derive the re1ationships which form the basis of the
reco
mmen
dati
on,
were
obta
ined
by s
amp1
ing
thro
ugho
ut t
he p
erio
d of
use
with
the
bat
her
s p
res
ent
.
The
amb
ien
t w
ate
r q
ua1
ity
, e
mbr
aci
ng
any
po1
1ut
ion
inp
uts
and
the
dis
cha
rge
s f
rom
bat
her
s,
is
an
imp
ort
ant
con
sid
era
tio
n.
The
IJC “Roundtab1e on the Survei11ance and Monitoring Requirements for Assessing
Human Hea1th Hazards posed by Contaminants in the Great Lakes Basin Ecosystem"
(IJC, 1982) a1so suggests that: "The conditions under which samp1es are
co11ected shou1d be recorded, with such detai1s as the estimated bather 1oad
at the time, so that appropriate interpretation of the resu1ts can be made."
The "Roundtab1e" a1so recommended that routine samp1es be taken at a depth of
15 to 30 cm be1ow the surface, and where wateris about 1.5 meters deep. A
Specific representative site (or sites) at a beach shou1d be chosen and five
samp1es from that site in each four-week period shou1d be tested. Resu1ts
from these samp1ings wi11 adequate1y represent the water qua1ity for that
period, as we11 as be a reasonab1e minimum number of samp1es that most
agencies can co11ect. However, a Saturday and a Sunday samp1e co11ected at
the time of the peak of the bathing 1oad wou1d give the idea1 bather use,
water qua1ity information. Neverthe1ess, Bennett (1969) showed that five
samp1es over four weeks adequate1y defined the four-week period's water
qua1ity. Resu1ts from five samp1es a1so provide a reasonab1e data base from
which to ca1cu1ate a va1id, representative, geometric mean.
Whereas former criteria incorporated an arbitrary factor for current
experiences such asweather, rain, sewage p1ant malfunctions, 1aboratory
variations (which erred on the side of safety) the re1ationships on which the
recommendations were based are more exact and have a1ready bui1t in these and
other important considerations. So, additiona1 percenti1e va1ues to a11ow for
these factors are not required.
Microorganisms in Recreationa1 Waters
Recreationa1 use of water in the form of body-contact recreation is
norma11y perceived as swimming, wading, or the inadvertent contact with water
by boaters, hunters, or fishermen. There are virtua11y no studies with
reSpect to the 1ast group and re1ative1y few epidemio1ogica1 studies on
bathing. Cabe11i (1977) defined swimming as "significant exposure of the
upper-body orifices to the water".
Ear1y work on this subject is by Smith, et a1., (1951) on the Ohio River
and by Smith and Woo1sey (1952) on the Ohio RTvEF and Long Is1and beaches.
Streeter (1951) compared the bacterio1ogica1 standards of various
jurisdictions for the Ohio River Va11ey Water Sanitation Commission (ORSANCO)
and recommended that the month1y arithmetic average (MPN) for tota1 co1iforms
not exceed 1000 per 100 mL, nor shou1d tota1 co1iforms in 20% of the samp1es
for any given month exceed 2400 per 100 mL.
 Ste
ven
son
(19
53)
att
emp
ted
to
cor
re1
ate
i11
nes
s f
rom
swi
mmi
ng
wit
h w
ate
r
qua1
ity
at L
ake
Mich
igan
beac
hes,
the
Ohio
Rive
r an
d Lo
ng I
s1an
d.
He f
ound
a
sign
ific
ant
incr
ease
in i
ncid
ence
of i
11ne
ss a
mong
swim
mers
when
the
tota
1
co1iform count equa11ed or exceeded 2300 per 100 mL.
The ORSANCO Water Users Committee (1971) estimated a re1ationship of
appr
oxim
ate1
y 1:
5 of
feca
1 t
o to
ta1
co1i
form
s in
the
Ohio
Rive
r an
d de
term
ined
tha
t f
eca1
co1
ifo
rms
wer
e s
ome
wha
t m
ore
acc
ura
te
bac
ter
io1
ogi
ca1
ind
ica
tor
s o
f
feca1 contamination from warm—b1ooded anima1s and humans.
McC
abe
(198
0)
com
bin
ed
the
eff
ect
1eve
1 o
f 2
300
tota
1 c
o1i
for
ms
per
10
mL
of Stevenson with the feca1ztota1 co1iform ratio from the report of the
Committee on Water Qua1ity Criteria to the Federa1 Hater Po11ution Contro1
Admi
nist
rati
on i
n 19
68 t
o ob
tain
400
FC/1
00 m
L an
d by
app1
ying
a sa
fety
fact
or
of a
ppro
xima
te1y
two,
arri
ved
at a
maxi
mum
reco
mmen
ded
1eve
1 of
200
feca
1
co1i
form
s pe
r 10
0 mL
for
recr
eati
ona1
wate
r.
A1th
ough
this
1eve
1 of
feca
1
co1
ifo
rms
has
sin
ce
bee
n w
ide
1y
use
d i
n t
he
Uni
ted
Sta
tes
, i
t h
as
bec
ome
app
are
nt
tha
t i
ts
der
iva
tio
n a
nd
ext
rap
o1a
tio
n f
rom
a t
ota1
co1
ifo
rm
ind
ex
is
a serious weakness.
The geometric mean of 200 FC per 100 mL was accepted by the United States
Envi
ronm
enta
1 P
rote
ctio
n Ag
ency
(EPA
) as
the
no-e
ffec
t 1e
ve1
in 1
968
and
this
was
der
ive
d f
rom
40
FC
per
100
mL
whi
ch
was
tak
en
to
be
the
det
ect
ab1
e h
ea1
th
effe
ct 1
eve1
. T
he E
PA “
Red
Book
" (
US-E
PA,
1976
) s
tate
s:
"Bas
ed o
n a
mini
mum
of
fiv
e s
amp
1es
tak
en
ove
r a
30-
day
per
iod
, t
he
fec
a1
co1
ifo
rm
bac
ter
ia1
1eve
1
sho
u1d
not
exc
eed
a 1
09
mea
n o
f 2
00
per
100
mL,
nor
sho
u1d
mor
e t
han
10
per
cen
t o
f t
he
tota
1 s
amp
1es
tak
en
dur
ing
any
30-
day
per
iod
exc
eed
400
per
100
mL“
.
It
doe
s n
ot
jus
tif
y t
he
10%
but
use
s t
his
va1
ue
to
a11
ow
for
"va
ria
tio
ns
in e
nvir
onme
nta1
cond
itio
ns".
A1th
ough
many
juri
sdic
tion
s ha
ve a
dopt
ed t
his
approach, it has no statistica1 basis.
Most jurisdictions (Dutka, 1973) had discarded the use of the tota1
co1
ifo
rm
par
ame
ter
(Ta
b1e
1)
as
an
ind
ica
tio
n o
f s
urf
ace
wat
er
po1
1ut
ion
for
the reasons mentioned ear1ier. 0bvious1y part of the difficu1ties of
associating it with bather i11ness rates was that there was probab1y 1itt1e
reason to expect such corre1ation. Cabe11i (1981) has shown that in both
mari
ne a
nd f
resh
wate
rs t
here
is v
ery
poor
, if
any,
corr
e1at
ion
betw
een
TC a
nd
bather i11ness. The 1eve1 of 200 FC/100 mL criteria has no determined
va1idity of its own but re1ies entire1y on extrapo1ations from dubious
' TC/i11ness associations. Furthermore, Cabe11i, et a1., (1979) and Dufour
(1982) have shown very poor corre1ation between i11ﬁEss and FC, further
wea
ken
ing
its
cre
dib
i1i
ty
as
the
pri
mar
y b
ath
ing
wat
er
qua
1it
y i
ndi
cat
or.
It
is
app
are
nt
tha
t t
hes
e p
ara
met
ers
are
not
the
bes
t i
ndi
cat
ors
of
bat
her
i11ness.
Rec
ent
1y,
Cab
e11
i (
1978
, 1
975
) c
ond
uct
ed
a t
hre
e-p
has
e,
maj
or
epi
dem
io1
ogi
ca1
stu
dy
at
New
Yor
k C
ity
bat
hin
g b
eac
hes
.
The
fir
st
pha
se
was
cond
ucte
d in
1972
and
1973
; th
e se
cond
phas
e, i
n 19
74;
and
the
1ast
, in
1975
.
Thi
s s
tud
y o
f t
he
bat
her
s a
t C
one
y I
s1a
nd
and
Roc
kaw
ays
oce
an
bea
che
s,
New
Yor
k C
ity
, s
ugg
est
ed
tha
t a
sig
nif
ica
nt
dif
fer
enc
e i
n i
11n
ess
rat
es
exi
ste
d
bet
wee
n t
he
mar
gin
a11
y p
o11
ute
d C
one
y I
s1a
nd
Bea
ch
and
the
re1
ati
ve1
y
unp
o11
ute
d R
ock
awa
ys
Bea
ch.
I11
nes
s w
as
def
ine
d a
s h
igh
1y-
cre
dib
1e
sym
pto
ms
(Ta
b1e
4 i
n D
ufo
ur,
198
2)
(mu
1ti
p1e
or
unm
ist
aka
b1y
rec
ogn
ize
d s
ymp
tom
s)
repo
rted
by b
athe
rs d
urin
g a
fo11
ow-u
p in
terv
iew
and
the
diff
eren
ces
were
_ 7 -
  
  
betw
een
swim
mers
and
non-
swim
mers
at t
he r
espe
ctiv
e be
ache
s.
Illn
ess
and
sym
pto
ms
are
use
d s
yno
nym
ous
ly
her
e s
inc
e t
he
stu
die
s c
ons
ide
red
fev
er,
vomi
ting
, d
iarr
hea,
cram
ps,
stom
ach
pain
s,
or a
comb
inat
ion
of t
hese
, as
mark
ers.
The
clas
sica
l,
seri
ousl
y de
bili
tati
ng d
isea
ses,
such
as t
ypho
id
fever, or the mandatory reportable diseases, while possibly implicated at
subc
lini
cal
leve
ls,
are
not
inte
nded
in t
he u
se o
f th
e wo
rd
illn
ess.
Cabe
lli,
et a
l.,
(197
9) e
xten
ded
the
data
base
and
deri
ved
addi
tion
al
supp
ort
for
thei
r
iTlﬁEss/indicator relationships fran the study at the "highly-polluted"
Mediterranean beach of Alexandria, Egypt. Cabelli (4) also suggested that
enterococci (Streptococcus faecalis and Streptococcus faecium) may be superior
indicators of’Bathing beaCh quality. In these studies, E. coli and illness
rates also correlated well. Additional work by Cabelli (l98l) and be Cabelli,
et al., (1979) was done in the brackish waters of Lake Pontchartrain during
I977 and 1978. The type of illness observed at these beaches was, to a large
extent, "gastroenteritis of unknown etiology“, which has more recently been
ascribed to infection by Norwalk agents or rotavirus. The conclusion of all
of this work is that enterococci and E. coli are more reliable bathing water
quality indicators than the currently—used fecal coliform (Cabelli, 1981).
  
Cabelli's studies dealt with marine waters and as Dufour (1982) has
pointed out, results on marine beaches are different from freshwater beaches.
In 1979-80, freshwater epidemiological work done on Lake Erie near Erie,
Pennsylvania and on Keystone Lake at Tulsa, Oklahoma, was reported by Dufour
(1982). Again, enterococci and E. coli showed better correlation with
swimming associated illness at fresh water beaches than did fecal coliform:
correlation coefficients were 0.65, 0.51 and 0.23; respectively. He concluded
that the health effect/water quality relationship is substantially different
for fresh waters than for marine waters for the same rate of higly credible 61
symptoms and again confirmed the use of enterococci as a better indicator.
Figure 1 shows the relationship for enterococci and E. coli mean densities and
gastrointestinal symptom rates at freshwater bathing—beEEEES. Figure 2 shows
a much poorer correlation for FC than do enterococci or E. coli. Dufour does
not recommend Specific guidelies, but instead presents use—effect graphs.
These show the rates of highly credible GI symptoms per 100,000 persons
compared to mean indicator densities. A number of data points were used to
develop the relationship shown on Figure l, but the lowest highly
statistically significant effect levels for enterococci and E. coli were
observed at densities of 11/100 mL and 23 E. coli/100 mL for—fresh water
beaches. It is therefore fran these levels that—objectives were developed.
Previously, bathing water quality was regulated by the limiting the
presence of fecal material which could potentially carry human disease
organisms rather than by controlling the actual illnesses contracted by the
bathers swimming in water of varying quality. That approach, because of the
imponderables of levels and diversity of pathogens, p0pu1ation at risk,
soc1o-economic groups, etc., necessitated regulatory agencies to add margins
of safety in the objectives developed. The recommendations here are based on
true indicator/illness rate relationships which permit agencies to determine
the regulation that best suits their areas of jurisdiction. The indicator
levels recommended would help to regulate water quality so that there would be
no increase in gastrointestinal illnesses while bathing and would be in accord
with a non-degradaton policy. It is recognized however, that agencies must
have the latitude to develop less stringent regulations which, while exposing
users to greater risks, may not affect a significantly larger population.
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 2.1.2 PSEUDOMONAS AERUGINOSA
RECOMMENDATION
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 ear of a bather. Weingarten (1977) a1so reported an outbreak of otitis
externa caused by P. aeruginosa whi1e Burger (1983) showed an increased otitis
externa case rate Emong swimmers using a beach where P. aeru inosa was present
in high concentration. P. aeruginosa was a1so iso1at€d from the ears of
swimmers more frequent1y—after swimming than before. Ca1deron and Mood (1982)
reported that there was a significant1y higher proportion of swimmers in their
otitis externa cases than in their contro1 popu1ation. They a1so were ab1e to
isolate P. aeruginosa from 50% of the infected ears in their study but from
none of the controls.
Dutka (1973), Hoad1ey (1977a, b) and others have considered P. aeru inosa
to be "a ubiquitous bacteria1 species easi1y iso1ated from surfaEe waters and
soi1". However, Dutka (1979) 1ater revised this opinon when he found that E,
aeru inosa was virtua11y absent in the centra1 parts of the Canadian Great
Cakes and Hudson Bay waters. Hoad1ey (1977b) a1so suggested that "the species
probab1y does not norma11y inhabit northern temperature surface waters un1ess
recent1y affected by human activity orthe activities of domestic anima1s".
Based on studies conducted on the Great Lakes (IJC, 1976, 1977; OME, 1981) and
many in1and 1akes in Ontario (Burger, 1983), P. aeruginosa is absent from
Ontario surface waters except where inf1uenced by uman activity and may be
reported more frequent1y in warmer southern United States surface water
because of growth in the warmer water (Hoad1ey, 1977b).
Drake (1966) suggested that P. aeru inosa 1eve1s fron 1 to 10 per 100 mL
cou1d be expected in rivers with—10w But aetinite 1eve1s of contamination. P.
aeruginosa 1eve1s 1ess than 100 per 100 mL can be demonstrated in water ‘—
adjacent to human activity (Hoad1ey, 1977a) and in excess of 100 organisms per
100 mL in waters receiving surface drainage from urban areas or waters
regent1y gontaminated with sewage. In raw domestic sewage, concentrations of
10 to 10 P. aeru inosa per 100 mL are common. S1ight1y in excess of 10%
of hea1thy'aduTTEFé%T1ﬂﬁ§ United States are intestina1 carriers of P.
aeruginosa a1though Cabe11i (1979) suggested that Pseudomonas aeruginosa is
"infrequent1y iso1ated from norma1 human faeces". In p001 waters, seyfried
and Fraser (1978) found P. aeruginosa 1eve1s to be 10w, but shifts from 0 per
100 mL to as high as 348-per IOU mE were commmon. Ca1deron and Mood (1982)
reported a median P. aeruginosa 1eve1 of 0 per 100 mL with a range up to 37.8
per 100 mL. In aTT at these studies, the 1eve1s of P. aeruginosa in natura1
bathing waters were 10w, 0 to 100 per 100 mL.
-' —-—-——’.—-_
 
Feca1 or sewage contamination is one possib1e source for the Pseudomonas
aeruginosa present in bathing water; however, the bathers themse1ves are a1so
a source of the organism (Hanes and Fossa, 1971; Cabe11i, 1977). This means
that in areas with minima1 water exchange, the 1eve1s of Pseudomonas
aeruginosa may be re1ated to the bather 1oad. Burger (1983) noted that
. aeruginosa 1eve1s varied diurna11y and seasona11y in a pattern simi1ar to
the number of bathers.
When dea1ing with the Pseudomonas aeruginosa and the diseases, otitis
externa and skin rash, the situation is quite different from that of the
co1iform group of indicators and gastrointestina1 i11ness.
P. aeru inosa is
not an indicator by virtue of its re1ationship to a disease—Eau51ng organism
but is itse1f the pathogen or disease-causing organism.
Jones (1965) c1aimed
that E. aeruginosa was the major etio1ogica1 agent in otitis externa.
Hoad1ey
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potential health hazard exists when pathogenic organisms (e.g. Pseudomonas
aeruginosa, Salmonella typhii and Polio virus), can be enumerate an
frequently isolated“fF0m the water".
For Pseudomonas aeruginosa, the above
discussion supports this recommendation.
But the eV1dence alSo suggests that
the 75% percentile Pseudomonas aeruginosa level of 10 organisms per 100 mL can
be substituted for the generalized’statement "enumerated and frequently
isolated".
This means that seventy-five percent (75%) of the sample analyses
must show less than 10 organisms per 100 mL or conversely that a maximum of
25% of the analyses may have levels greater than 10 per 100 mL.
Therefore,
the levels of Pseudomonas aeruginosa should not be greater than 10 P.
aeru inosa per 100 mL in more than twenty-five (Cabelli, 1977) percent of the
analyses
to protect
bathers
fron
ear
infections.
Whereas former criteria
incorporated an arbitrary factor for current
experiences such as weather, rain, sewage plant malfunctions and laboratory
variations,
which erred on the side of safety, the relationships on which the
recommendations were based are more exact and have already built in these and
other important considerations.
Additional percentile values to allow for
these factors are thus not required.
Summary
The objective recommended here has taken into account the Opportunistic
pathogenic
nature
of the organism,
Pseudomonas
aeruginosa,
the
existing
levels
of the
organism
in
Great Lakes
waters
and the
findings
of many medical
and
environmental
studies.
The
mPA method
(Levin
and
Cabelli,
1972)
is
recommended
for specificity
and
simplicity.
The
objective
allows
some
numbers
of
the organism
to
be
present without
undue
concern
but protects
the
bather
fran
frequent
high
levels
of
the
organism.
As
stated
by
Hoadley
(1977a),
“The
value
of
P.
aeru
inosa
as
an
indicator
of
potential
health
hazards
associated
with
water
mﬁ§17%§‘iﬁaged
solely
on
the
basis
of
the
potential
hazard
associated
with
its
own
presence.
There
is
no
reason
to
suggest
that
P.
aeruginosa
might
be
a
good
indicator
of
the
possible
presence
of
other“
pathogens
...
conventional
indicators
of
fecal
contamination
are
of
little
general
value
to
indicate
the
possible
presence
of
P.
aeruginos
".
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c
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i
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p
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p
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p
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.
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c
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c
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i
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c
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c
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c
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c
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r
h
o
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s
e
h
o
n
p
e
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r
g
,
1
9
8
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I
t
i
s
a
p
p
T
i
e
d
i
n
t
h
e
f
o
r
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w
e
t
t
a
b
i
e
p
o
w
d
e
r
s
,
e
m
u
i
s
i
f
i
e
d
m
i
x
t
u
r
e
s
,
d
u
s
t
s
,
c
o
a
t
e
d
g
r
a
n
u
T
e
s
a
n
d
u
1
t
r
a
—
T
i
g
h
t
v
o
i
u
m
e
s
p
r
a
y
s
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F
o
r
n
o
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a
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r
i
c
u
i
t
u
r
a
i
p
u
r
p
o
s
e
s
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t
i
s
i
n
c
o
r
p
o
r
a
t
e
d
i
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t
o
p
o
i
y
e
t
h
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i
e
n
e
m
i
c
r
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c
a
p
s
u
i
e
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f
r
a
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w
h
i
c
h
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t
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o
w
i
y
r
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i
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p
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t
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e
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p
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u
r
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s
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s
e
o
n
f
i
e
i
d
c
r
o
p
s
s
u
c
h
a
s
c
o
r
n
(
e
.
g
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f
o
r
r
o
o
t
w
o
r
m
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)
a
n
d
i
n
o
r
c
h
a
r
d
s
w
o
u
i
d
s
e
e
m
t
o
b
e
t
h
e
T
a
r
g
e
s
t
s
o
u
r
c
e
o
f
d
i
a
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i
n
o
n
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
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A
c
c
o
r
d
i
n
g
t
o
t
h
e
m
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u
f
a
c
t
u
r
e
r
,
i
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e
o
n
f
i
e
i
d
c
r
o
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s
i
s
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i
m
i
n
i
s
h
i
n
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b
u
t
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c
r
e
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v
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p
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b
e
i
i
,
C
i
b
a
G
e
i
g
y
C
o
r
p
.
,
p
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o
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c
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c
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c
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p
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u
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r
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c
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i
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p
i
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c
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p
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c
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c
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i
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r
e
x
a
m
p
T
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u
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b
e
c
o
m
p
i
e
t
e
i
y
b
r
o
k
e
n
d
o
w
n
i
n
3
t
o
5
d
a
y
s
w
h
e
n
i
n
c
u
b
a
t
e
d
i
n
w
a
t
e
r
f
r
o
m
r
i
c
e
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e
c
e
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e
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c
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c
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t
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s
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p
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o
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r
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2
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a
y
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n
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b
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n
p
e
r
i
o
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A
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o
b
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c
e
T
e
r
a
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d
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t
h
e
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r
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n
c
e
o
f
s
u
s
p
e
n
d
e
d
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o
i
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p
a
r
t
i
c
i
e
s
i
n
h
i
b
i
t
e
d
t
h
e
b
r
e
a
k
d
o
w
n
p
r
o
c
e
s
s
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S
p
e
c
i
f
i
c
s
o
i
T
m
i
c
r
o
—
o
r
g
a
n
i
s
m
s
h
a
v
e
b
e
e
n
i
d
e
n
t
i
f
i
e
d
w
h
i
c
h
d
e
g
r
a
d
e
d
i
a
z
i
n
o
n
(
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u
n
n
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r
a
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d
Z
u
c
k
e
r
m
a
n
,
1
9
6
8
)
.
_ 21 -
 In
a s
tud
y
in
whi
ch
dia
zin
on
was
met
ere
d
con
tin
uou
sTy
int
o
an
out
doo
r
ex
pe
ri
me
nt
ai
st
re
am
fo
r
th
re
e
mo
nt
hs
,
th
e
ha
n-
Ti
fe
wa
s
fo
un
d
to
be
ab
ou
t
ha
n
as
To
ng
(20
day
s)
in
5 g
a1.
,
un
st
er
iT
iz
ed
wa
te
r
sa
mp
Te
s
ex
po
se
d
to
su
nT
ig
ht
as
in
sha
ded
sam
ple
s
(Pa
rkh
urs
t,
et
31.
,
198
1).
Thu
s,
a T
arg
e
num
ber
of
sit
e—s
pec
ifi
c
con
dit
ion
s,
inc
TﬁH
ing
the
tre
atm
ent
his
tor
y
of
an
are
a
whe
re
the
pes
tic
ide
is
use
d,
wﬁT
T
sig
nif
ica
nti
y
inf
iue
nce
its
eff
ect
ive
nes
s
as
weT
T
as
its
po
te
nt
ia
T
fo
r
ca
us
in
g
ad
ve
rs
e
ef
fe
ct
s.
Ano
the
r c
ons
ide
rat
ion
in
eva
Tua
tin
g e
xpo
sur
e t
o d
iaz
ino
n,
is
tha
t a
TT
of
sev
era
T
typ
es
and
age
s
of
for
muT
ati
ons
wer
e
fou
nd
by
Mei
er,
et
a1.
,
(19
79)
to
con
tai
n a
bou
t 0
.5%
squ
ote
pp.
Thi
s m
anu
fac
tur
ing
imp
uri
ty
has
'bE
En
dem
ons
tra
ted
to
be
up
to
75
tim
es
mor
e t
oxi
c
to
fis
h t
han
dia
zin
on
or
its
deg
rad
ati
on
pro
duc
ts.
It
is
sTi
ght
Ty
Tes
s t
oxi
c t
han
dia
zin
on
to
bir
ds,
how
eve
r (
Dr.
Ric
har
d H
one
ycu
tt.
Cib
a G
eig
y C
orp
ora
tio
n p
ers
ona
i
com
mun
ica
tio
n).
Squ
ote
pp
has
bee
n f
oun
d t
o r
esi
st
hyd
roi
ysi
s;
eac
h o
f f
our
dia
zin
on
for
muT
ati
ons
ret
ain
ing
sub
sta
nti
aT
tox
ici
ty
aft
er
ess
ent
iaT
Ty
com
p1e
te
des
tru
cti
on
of
the
dia
zin
on
(Mei
er,
et
a1.,
1979
).
Rec
ent
dis
cus
sio
ns
(Se
pte
mbe
r 1
982)
wﬁt
h D
r.
WiT
Tia
m‘C
aﬁE
beT
T i
ndi
cat
e t
hat
Cib
a
Geig
y Co
rpor
atio
n,
the
manu
fact
urer
, c
urre
ntTy
has
an i
nter
na)
spec
ific
atio
n
for
con
tro
TTi
ng
sui
fot
epp
con
cen
tra
tio
ns
at
0.2
% o
r T
ess
of
the
tec
hni
ca]
gra
de
pro
duc
t,
but
tha
t i
t i
s u
sua
TTy
pre
sen
t a
t a
bou
t 0
.1%
.
Diaz
inon
has
been
foun
d in
thre
e wa
ters
heds
trib
utar
y to
Lake
s Hu
ron
and
Erie
. C
once
ntra
tion
s ra
nged
from
non—
quan
tifi
abTe
(< 0
.01
ug/L
) to
140
ug/L
betw
een
May
1975
and
Apri
T 1
977
(Fra
nk,
et a
1..
1978
).
In t
he s
andy
soiT
of
HiTTman Creek watershed (Braun and FrankT—1980), mean diazinon concentrations
of 0.006 and 0.001 ug/L in the water during the 1975-6 and 1976—7 seasons gave
rise to fish 1eveis of 0.017 ug/g (biack crappie), 0.018 ug/g (brown bu11head)
and 0.092 ug/g (gizzard shad). There are no known records of diazinon being
discovered in water or in other sampies from the open waters of the Great
Lakes, nor woqu it be expected there.
Toxicity of diazinon
Exposure of the green aTga Scenedesmus quadricaudata to 100 and 1000 ug/L
of diazinon for 10 days produced no effects on ceTT number, photosynthesis, or
biomass (Stadnyk, £3 31., 1971). AdditionaT fish and invertebrate Taboratory
mortality data are presented in TabTe 1. The data are arranged in the order
of their toxicity vaTues frun Teast to greatest as an aid to evaTuating
reTative sensitivity. However, exposure times are highiy variabTe.
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 Tab1e 1
Fi
sh
an
d
in
ve
rt
eb
ra
te
me
di
an
mo
rt
a1
it
y
va
1u
es
(p
g/
L
di
az
in
on
)
 
24
hr
48
hr
96
hr
Ot
he
r
L0
50
Da
ta
Re
fe
re
nc
es
P
i
m
e
E
h
a
l
e
s
E
r
o
m
e
1
a
s
7
8
0
0
A
1
1
i
s
o
n
a
n
d
H
e
r
m
a
n
ut
;
1977
(
f
a
t
h
e
a
d
m
i
n
n
o
w
)
6
9
0
0
J
a
r
v
i
n
e
n
a
n
d
T
a
n
n
e
r
,
1982
S
a
1
m
o
c
1
a
r
k
i
17
00
J
o
h
n
s
o
n
a
n
d
F
i
n
1
e
y
,
(
c
u
t
t
h
r
o
a
t
t
r
o
u
t
)
1
9
8
0
S
a
1
v
e
1
i
n
u
s
n
a
m
a
y
c
u
s
h
6
0
2
J
o
h
n
s
o
n
a
n
d
F
i
n
1
e
y
,
(
1
a
k
e
t
r
o
u
t
)
1
9
8
0
S
a
1
v
e
1
i
n
u
s
f
o
n
t
i
n
a
1
i
s
7
7
0
A
1
1
i
s
o
n
a
n
d
H
e
r
m
a
n
u
t
1
-
(
b
r
o
o
k
t
r
o
u
t
)
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 Tabie 1
Fish and invertebrate median mortaiity vaiues (ug diazinon/L) (cont'd)
24 hr 48 hr 96 hr Other L050 Data References
Orconectes propinquus 2,846 537 168 hr. Lcso—IS Morgan, 1977
(crayfishigi
Cran onyx sp. 14 MERS, 1980
lampﬁipod) (unpub1ished)
Pteronarcys dorsata 30-day LC5O-4.6 NAS/NAE, 1973
(stoneily)
Da hnia magna 50—hr. L050—4.3 Sanders and Cope,
c a oceran) 1966
Hydro syche bettoni 30—day L050-3.54 NAS/NAE, 1973
lcaﬁaistlyi
Ophiogomphus rupinsuiensis 30-day L050-2.2 NAS/NAE, 1973
(dragonfiyii
Simocepha1us serruiatus 1.8 (60° F) Sanders and Cope,
ciadoceran) 1.4 (70° F) 1966
Acroneuria iycorias 1.7 30—day L050-1.25 NAS/NAE, 1973
lstone¥|y5
Ephemereila subvaria 30-day LC50-1.05 NAS/NAE, 1973
(mayiTy)
Da hnia Euiex 0.9 Sanders and Cope,
c a oceran) 1966
' 0.8 Johnson and Finley,
1980
Gammarus pseudo1imnaeus 49 3 2 168~hr. LC5o-0.5 Morgan, 1977
(amphipodi
Gammarus fasciatus 0.2 Johnson and Finiey,
lampﬁipo 1980
Chironomus tentans 0.4 0.1 0.03 168—hr. LCso—0.03 Morgan, 1977
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Fish and Invertebrate chronic effects (1aboratory)
Jordane11a floridae
ag 1S
Pime ha1es roneias
(fatﬁead minnow}
Saiveiinus fontinaiis
 
(brook trout)
Da hnia magna
Eclaaoceran)
Chironomus tentans
(midgei
   
Tabie 2.
Descri tion
Time to embryo progeny hatch
decreased 8 to 18% at 14 to 240 ug/L
(highest concentration tested);
growth of aduit ma1es after 160 days
and embryo progeny hatch reduced at
88 ug/L, not at 54 ug/L.
Reduced hatching and increased
incidence of scoiiosis at 32.2 ug/L
during a fu11 1ife cyc1e chronic
test; no no—effect concentration
obtained, a1though 3.2 ug/L appeared
ciose.
Reduced progeny growth at 0.55 ug/L
(iowest concentration tested) after
17—week exposure during a 10-month
partial 1ife-cyc1e chronic test; no
no—effect concentration tested.
Reproduction significantiy reduced
at 0.3 ug/L during 21-day iife—cycie
exposure; no significant effect at
0.15 ug/L.
Egg development deiayed significantiy
and time to emergence (82 days)
increased 13 and 33% at 0.0006 and
0.003 ug/L; no no—effect concentration
tested.
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Reference
A11ison, 1977
A11ison and
Hermanutz, 1977
A11ison and
Hermanutz, 1977
NAS/NAE, 1973
Morgan, 1977 '
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 Several instances have been reported of birds, mostly waterfowl, being
poisoned fran ingestion of crops or vegetation treated with diazinon for pest
control (Stone, 1979; Hill and Fleming, 1982). These mortalities apparently
resulted from approved, but either unwise or unfortunate applicationof the
pesticide. The label directions warn that birds feeding on treated areas may
be killed. Diazinon treatment of field crops and applications to golf courses
during spring and autumn bird migrations have been especially hazardous.
Obviously, the use of diazinon and certain other organophosphate and carbamate
pesticides (e.g., parathion, fenthion, dursban, carbofuran, phorate) should be
avoided where birds might ingest the residues.
Hazards to man resulting from aquatic contamination are thought to be
slight. Diazinon is rapidly metabolized in mammals to less toxic products,
does not accumulate in tissues and has produced no teratogenic or embryotoxic
effects (Vettorazzi, 1976; Lewis andTatken, 1980). Based on chronic
no—effect levels of 0.1 to 0.02 mg/kg body weight per day for several mammals,
an adult daily intake for man of 0.002 mg/kg body weight was established by
the U.N.'s World Health Organization/Food and Agriculture Organization.
Diazinon does not accumulate to any appreciable degree in fish (Miller, et
31., 1966; Allison and Hermanutz, 1977). Exposure of fish to 1 ug/L for——
several days (a concentration well above those required to protect aquatic
organisms) would result in tissue residues of about 0.1 mg/kg. This level, if
ingested by man as part of a 100 g meal of fish, would be well below the 0.002
mg/kg body weight acceptable daily intake.
Based on these data. a two—level objective is recommmended for diazinon.
Mean levels should not exceed 0.003 ug/L, but may range up to 0.1 ug/L every
30 or more days for periods not to exceed 2 days.
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Estimated PAH Emissions
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— —
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ass
me
di
an
di
am
et
er
s
of
0.
65
um
(A
lb
ag
li
a,
et
_a
l.
,
19
74
).
Mor
e r
ece
ntl
y,
a
new
typ
e
of
par
tic
ula
te
has
bee
n
ide
nti
fie
d,
mak
ing
up
ab
ou
t
1%
of
fly
ash
.
Th
is
ca
rb
on
ac
eo
us
ma
te
ri
al
is
li
ke
a
ho
ne
yc
om
b
in
sha
pe
and
is
rel
ati
vel
y
lar
ge
com
par
ed
to
oth
er
par
tic
ula
tes
.
Thi
s
typ
e o
f
pa
rt
ic
le
ac
co
un
ts
fo
r
mo
re
th
an
25
%
of
th
e
tot
al
su
rf
ac
e
ar
ea
of
fl
y
as
h a
nd
ha
s
tw
ic
e
th
e
af
fi
ni
ty
fo
r
PAH
as
do
ot
he
r
fr
ac
ti
on
s
of
fl
y
ash
.
It
is
es
ti
ma
te
d
th
at
ab
ou
t
70
%
of
to
ta
l
PA
H
ar
e
ad
so
rb
ed
on
th
is
ma
te
ri
al
(N
at
us
ch
,
19
83
).
Ad
so
rp
ti
on
on
th
is
ty
pe
of
ca
rb
on
ac
eo
us
ma
te
ri
al
re
nd
er
s
PA
H
les
s
suc
ept
ibl
e
to
pho
tod
egr
ada
tio
n,
thu
s
per
mit
tin
g
rel
ati
vel
y
lon
g
atm
osp
her
ic
res
ide
nce
tim
es.
On
the
oth
er
han
d,
the
lar
ge
siz
e o
f t
hes
e
pa
rt
ic
le
s
re
st
ri
ct
s
th
ei
r
ac
ce
ss
to
th
e
lun
gs
.
Physical State of PAH in Aquatic Ecosystems
PAH
have
a ve
ry l
ow s
olub
ilit
y in
wate
r an
d ar
e th
ough
t to
exis
t pr
imar
ily
ads
orb
ed
to
org
ani
c p
art
icl
es.
The
sol
ubi
lit
y o
f b
enz
o(a
)py
ren
e i
n w
ate
r i
s
0.0
04
mg/
L a
t 2
7°C.
Cer
tai
n s
ynt
het
ic
det
erg
ent
s a
nd
nat
ural
pro
duc
ts
such
as
humi
c ac
ids
may
aid
in t
he s
olub
iliz
atio
n of
PAH.
PAH
are
also
sorb
ed t
o
humi
c an
d fu
lvic
acid
s wi
th a
ppro
xima
tely
the
same
part
itio
n co
effi
cien
ts
as
for organic particulates (Landrun and Giesy, 1981; Gjessing and Bergland,
1981
; La
ndru
m, e
t 31
.,
1982
).
Smal
l mo
lecu
les
such
as t
olue
ne,
benz
ene,
hex
ane
and
cyc
loh
exa
ne
may
for
m a
ggr
ega
tes
or
com
ple
xes
wit
h P
AH
(La
ndr
um,
in
pres
s).
This
phen
omen
on m
ay b
e im
port
ant
unde
r sp
ill
cond
itio
ns o
r wh
ere
smal
l mo
lecu
les
are
pres
ent
at r
elat
ivel
y hi
gh l
evel
s (>
1 mg
/L),
as t
hese
com
ple
xes
inc
rea
se
the
app
are
nt
wat
er
sol
ubi
lit
y o
f P
AH.
Transport and Transformation of PAH
 
Transport in Air
Particle size is the major factor affecting the transport behaviour of
PAH—containing particulates. Particle sizes generally range in diameter from
0.01 um to 10 um with the bulk of PAH being associated with particles having a
diameter less than 5 am.
The larger particles are selectively renoved fron air by gravitational
sett
ling
or i
mpac
tion
; in
turb
ulen
t ai
r, t
hey
are
sele
ctiv
ely
depo
site
d on
roug
h su
rfac
es
(Win
ches
ter,
1980
).
A co
nsid
erat
ion
of S
toke
's l
aw i
ndic
ates
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 that
in r
isin
g ai
r, p
arti
cies
smaT
Ter
than
2 um
in d
iame
ter
woui
d re
main
suspended (Winchester, 1980). ParticTe shape and density are aiso important
to the transport behaviour of particuiate-associated PAH.
Dispersion of PAH in the atmosphere occurs by diffusion, convection and
advection, a1) of which depend upon meteorologica) conditions. Such
dispersion has the effect of diiuting emissions close to the source and
accounts for the appearance of PAH at Tocations distant from the source. At
Teast 20 PAH have been shown to be transported over Tong distances
(Win
ches
ter,
1980
).
Addi
tion
aTTy
, a
tmos
pher
ic r
esid
ence
time
s of
vari
ous
PAH
were estimated, taking into account photocataiytic transformation. These
varied from a few minutes to 500 hours. On this basis, it was predicted that
PAHBmay travei fran a few to severa) thousand kiiometers (Biau and Gusten,
198 .
Transport in Water
As in air, transport of PAH occurs by diffusion, convection and
advection. Sedimentation is probabTy the most important route for ciearance
of PAH from Takes and depends Targeiy on particie size as in the atmosphere,
aithough it may be reduced by interaction with humic materiaTs and smaTTer
organic moTecuTes. These interactions shouid faciiitate distribution and
proiong the residence time of PAH in the water coiumn.
Atmospheric Transformation
In t
he a
tmos
pher
ic e
nvir
onme
nt,
the
fate
of P
AH i
s in
fiue
nced
Targ
eTy
by
its photochemicai behaviour. PAH containing three or more rings are abTe to
abso
rb s
oTar
radi
atio
n at
wave
ieng
ths
abov
e 30
0 mu
. T
he e
xcit
ed P
AH r
eact
with 02 to produce highiy reactive intermediates (singiet oxygen moTecuTes)
resuiting in the rapid oxidation and degradation of PAH (NAS, 1972; Radding,
§t_al., 1976; Geacintov, 1973; Katz, st 21., 1978; Tosine, 1978).
PAH adsorbed to surfaces and in aerosois may be photo-oxidized rapidTy
but, depending on the affinity of the photooxidation products for the
particuiate, underiying Tayers of PAH may be protected fran further exposure
to
soia
r ra
diat
ion
(NAS
, 1
972)
. P
AH f
ound
in w
eath
ered
oiis
may
pers
ist
for
cong
ider
abie
peri
ods,
prob
abTy
due
to t
he p
hysi
ca)
matr
ix
(Hai
iett
, gt
_al.
;
198 .
Aquatic Transformation
Differences in photoiysis rates are due primariiy to differences in the
abs
orp
tio
n s
pec
tra
of
PAH.
Voi
ati
iiz
ati
on
ais
o p
Tay
s a
key
roi
e i
n
environmentai persistence in this compartment. Voiatiiization rates decrease
by f
acto
rs o
f 3
to 1
0 wi
th e
ach
addi
tion
ai
benz
ene
ring
. W
ith
the
exce
ptio
n
of n
apht
haie
ne,
the
rate
s of
phot
oiys
is o
f di
ssoi
ved
PAH
are
high
er t
han
the
rat
es
of
voi
ati
iiz
ati
on
(Ta
bTe
2).
Suc
h p
hot
oiy
sis
is
beT
iev
ed
to
cau
se
the
brea
kdow
n of
the
moie
cuie
, wh
ich
woui
d.ef
fect
ive1
y mi
nimi
ze i
ts t
oxic
ity.
In
the
aqua
tic
envi
ronm
ent
wher
e so
rpti
on t
o hu
mics
and
asso
ciat
ion
with
alga
e
occ
ur,
pho
toi
ysi
s m
ay
be
enh
anc
ed
(Zep
p,
gt_
gl.
, 1
981;
Zad
eTi
s a
nd
Sim
mon
s,
in
pres
s; W
arsh
ausk
y,
et a
1.,
in p
ress
), t
here
by r
educ
ing
the
conc
entr
atio
n of
par
ent
com
pou
nds
in‘
fhE
‘up
per
por
tio
n o
f t
he
wat
er
coi
umn
.
Sor
bed
PAH,
on
the
oth
er
hand
, m
ay
bec
ome
Tes
s s
usc
ept
ibi
e t
o p
hot
oiy
tic
pro
ces
ses
due
to
sha
din
g
and
par
tic
ie
set
tTi
ng
bei
ow
the
p o
tic
zon
e.
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OTigochaetes mix the top few centimeters of sediment. This process
redistributes organic contaminants such as PCBs (White and KTar 1982) and
brings them to the surface. If PAH behave in a simiTar manner, the exposure
of benthic organisms may be increased.
For higher trophic TeveTs, exposure to PAH wiTT occur via both water and
diet. Since P. hoyi uTtimateTy constitutes a major dietary component for some
fishes in the—Great Lakes at some stages in their 1ives and because of the
reTativeTy high concentrations of PAH in P. hoyi, these organisms are
responsibTe for a Targe proportion of PAH—exposure for some fishes.
Fish biotransform PAH weTT and it is unTikeTy that PAH wiTT accumuTate in
their tissues unTess there are high PAH concentrations in the water. In fact,
Tow TeveTs of PAH are generaTTy found in fishes except in cases of high TocaT
contamination, e.g. the BTack River, Ohio (Baumann, et a1., 1982). The
absence of parent PAH does not necessariTy indicate Tack—of exposure but
rather may refTect biotransformation. Further, since the dihydrodioi
metaboTites are carcinogenic derivatives of PAH, high TeveTs of these in fish
may pose problems for piscivores. The ieveTS of both parent compounds and
metaboTites are therefore important in the assessment of exposure hazard and
possibTe food chain transport of PAH.
The metaboTism of naphthaTene and anthracene in various tissues of coho
saTmon (Oncorhynchus kisutch) has been demonstrated (RoubaT, et a1., 1977).
Up to 46% of anthracene in fish fTesh was found in a metaboTiEEd‘form 144
hours after injection. Lu, et aT., (1977) showed that the bioaccumuTation
factor for BaP in mosquito fish-TGambusia affinis) after three days' exposure
was Tess than 1, whereas for snails the corresponding vaTue was 2177. The
monooxygenase activity, as measured by BaP metaboTism, is undetectable in
marine bivaTves (VandermeuTen and Penrose, 1978) whereas rainbow trout (SaTmo
gairdneri) readiTy metaboTize BaP (Egaas and Varanasi, 1982). ReTative
monooxygenase activities for fish are roughTy one order of magnitude beTow
those of amphibians, birds and mammaTs, incTuding primates (WaTker, 1978).
Therefore, despite the fact that PAH have high Kow's, they do not
bioaccumuTate to the same extent as DDT and HCB as originaTTy predicted by
Lu, gt_al., (1977).
These Timited data support the theory that parent PAH wiTT bioaccumuiate
in the Tower TeveTs of aquatic food chains but not in fishes, birds and
mammaTs. It is not expected, therefore, that high TeveTs of parent PAH wiTT
be found in fish and birds monitored in the Great Lakes. However, metabo1ites
of PAH may bioaccumuTate at higher trophic TeveTs and a Tack of parent PAH in
tissues may not fuTTy describe the hazard to these organisms.
PAH in the Great Lakes Ecosystem
Sane 27 PAH were identified in surface sediments taken from Tocations in
each of Lakes Ontario, Erie and Huron (Strosher and Hodgson, 1973; IJC,
1976).
PeryTene, pyrene, benzopyrenes, benzopery1enes, fTuoranthenes,
benzofTuoranthenes and chrysene were among those commonTy present at higher
than average PAH concentrations. TotaT concentrations of PAH reached a
maximum in the surface sediments of 14 ug/g for Lake Ontario, 54 ug/g for Lake
Erie and 1.2 “9/9 for Lake Huron. A representative 1ist of the PAH found at
- 33 _
 different sediment depths is shown in Tabie 4 for an open Lake Ontario site.
Few PAH were detectab1e in open lake waters. Methy1 naphthaienes, biphenyi
and methy1 anthracenes were the on1y PAH detectab1e at concentrations from
0.003 ug/L to 0.6 pg/L (Strosher and Hodgson, 1975).
Tabie 4
PAH in Lake Ontario Sediment (4g? 39' N, 7§é 12' N)
(Strosher and Hodgson, 1973; IJC, 1976)
 
(pg/g Dry Sediment)
Aromatic 0—5 cm 10—15 cm 20425 cm 30—35 cm 55-60 cm 70-75 cm
Biphenyi 0.014 0.007 0.009 0.004 0.004 0.004
Tetrahydropyrene 0.056 0.029 ~ — — —
F1uoranthene 0.281 0.058 — — - -
Pyrene 0.056 0.029 — 4 — —
1,2—Benzanthracene
Chrysene 0.025 0.088 0.052 - — 4
Triphenyiene
Dimethy] Chrysene 0.112 - 0.018
0.017 0.017 0.020 0.009
O
N t
o
2,3-Benzof1uoranthene 0.450 0.
Methy1 Benzofluor-
anthene 0.056 — — ~ 4 —
Benzpyrenes 0.337 - 0.017 0.034 0.010 0.009
Per 1ene 0.056 0.029 0.017 0.034 0.30 0.046
Met y1 Beanyrene 0.056 — ~ — ~ —
Methy1 Peryiene 0.112 - - - 0.010 0.027
20-Methy1 Choianthrene 0.337 - ~ - — 0.018
Beanery1ene 0.225 - - — — —
Coronene 0.562 — — — — —
Totai Aromatics 2.935 0.269 0.112 0.089 0.084 0.131
1 1ess than detectabie
Simi1ar types and concentrations of PAH were found in western Lake Erie
and Lake Huron sediments (Eadie, 3: a1., 1982b). PAH were also detected in
oiigochaetes and midges. A survey dF'Great Lakes sediment concentrations
suggests that the Iower 1akes sediments are more contaminated than those of
Lake Superior (Tabie 5).
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Tab1e 6
PAH in Great Lakes Water Systems (ug/L)1
 
(n=6)
Phenanthracene Anthracene F1uoranthene Pyrene Chrysene Benzo(a)pyrene
 
Mean 0.024 0.006 0.015 0.014 0.014 0.012
S 0.025 0.006 0.009 0.006 0.010 0.008
1 Eadie, gE_gl., in press
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 Tab1e 7
Po
ly
nu
c1
ea
r
Ar
om
at
ic
Hy
dr
oc
ar
bo
ns
in
Fi
sh
(Ha11ett, $5.31., 1978)
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 Similarly, herring gulls (Larus ar entatus) from Lake Ontario at or near
Kingston, Ontario, (Table 8) containe
eve s of PAH slightly lower than those
found in the fish (Hallett, et al., 1977). The herring gull is primarily
piscivorous and can metabolize PAH. Therefore, the gull, like fishes,
demonstrates little bioaccumulation of PAH.
Toxicology and Metabolism
 
PAH are lipid soluble, hydrophobic compounds that are metabolized by
animals to more polar compounds to facilitate excretion (Sims and Grover,
1974).
These polar compounds may induce tumours.
In addition, mutagenicity
and teratogenicity have been reported.
Such toxic effects have been studied
most frequently in mammals and a summary is shown in Table 10. The balance of
this review discusses the processes of metabolism in mammals, the occurrence
of PAH metabolism in fishes and the association of tumour prevalence in fish
populations with pollution by environmental PAH.
Metabolism
The enzymes responsible for metabolic conversions are collectively known
as aryl hydrocarbon hydroxylases (AHH), cytochromes P450 and P443, or
mixed function oxidase (MFO). AHH has been found in bacteria, algae, higher
plants, invertebrates, fishes, reptiles, birds and mammals (Marquardt, 1977).
Ironically, this enzyme system also results in conversion of many
procarcinogenic PAH to their ultimate carcinogenic epoxide or dihydrodiol
forms. The epoxides may be further metabolized in one of several ways: the
epoxide may non—enzymatically isomerize to yield phenols; it may combinewith
glutathione; or alternatively, the enzyme epoxide hydrase may convert the
epoxide to a transdihydrodiol. Dihydrodiols and henols then form
9 ucuronides and sulfates, (Gilboin and T50, 1978
which may be excreted.
The carcinogenic and mutagenic activity of PAH is probably due to the
interaction of electron deficient reactive metabolites such as epoxides and
dihydrodiol-epoxides with critical nucleophilic biomacromolecules, such as DNA
(Miller and Miller, 1976). Epoxide hydrolase activity may be crucial in
determining the sensitivity of a particular Species to PAH—induced
carcinogenesis or mutagenesis; species which are able to metabolize the
epoxides or dihydrodiols rapidly are relatively insensitive, since there is
less chance of interaction between the epoxide and key biomolecules (Oesch,
et al., 1977). Alternatively, sensitive cells may produce reactive
EEtEEolites faster or have reduced capacity to conjugate carcinogenic
intermediates.
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PAH which include a "bay region" in their structure and an unsubstituted
carbon in the position peri to the terminal benzene ring, are usually
carcinogenic (Jerina, et al., 1977; Yang, et al., 1983). This structure is
shown forBaP, in Figure 27 Other PAH with—sﬁiilar structures are often
carcinogenic as well.
bay
region 12 1
Figure 2. "Bay region" structure in BaP
Since all PAH studied are metabolized in a similar manner, BaP will serve
to illustrate the production of an ultimate carcinogen from a "bay region“
PAH. BaP is first converted, via AHH and epoxide hydrase, to benzo(a)pyrene-7,
8-dihydrodiol. Further epoxidation produces the carcinogen, benzo(a)pyrene—
7,8-dihydrodiol-9,10—epoxide, which is detoxified by conversion to a
tetrahydrotetrol and eliminated via the metabolic pathways discussed above.
Alkylated PAH are usually metabolized by hydroxylation of the alkyl side
chain; however, “bay region“ metabolites of alkyl—PAH have been identified as
well (Yang, 22 al., 1983).
Induction of MFO Systems
AHH is an inducible enzyme system which has been examined in detail by
Nebert, et al., (1981). Many substrates, highly variable in size and shape,
induce aETiVTty of this system (Table 9).
 
Tab1e 9
Great Lakes Chemicais Which
  
Tnduce Unique Forms of AHH
TOXIC CHEMICALS
REFERENCE
Benzo(a)pyrene
3-methy1 choianthrene
Benzo(a)anthracene
7,12—dimethy1 benzo(a)anthracene
methylated benzenes and naphthaienes
pp'-DDT
Benzene
Mirex
Poiybrominated biphenyis
TCDD
Lindane
Poiych1orinated bipheny1s
Ha1ogenated naphtha1enes and terpheny1s
(Conney, et a1., 1957)
(Nebert aha GEiboin, 1968)
(Nebert and Geiboin, 1968)
(Snyder, et a1., 1966)
(Fabacher_3na_Hodgson, 1977)
(More110, 1965)
(Snyder, et a1., 1966; Fabacher and
HodgsonT—1977; Moreiio, 1965;
Tunek and Oesch, 1979)
Fabacher and Hodgson, 1976;
Kaminsky, et a1., 1978)
(Moore, et aTTL_T978; Robertson,
et a1.. 198UT
TEUEﬁthner, et a1., 1979; Mike]
and Dec1oitreT—l979; Parkinson,
et a1., 1980a,b; Ahotupa and
ITtTa, 1980)
(Miko1 and Dec1oitre, 1979;
Parkinson, et a1., 1980 a,b;
Ahotupa and—Fitib, 1980)
(Parkinson, et a1., 1980a,b)
(Ahotupa and—Kifio, 1980)
AHH inducers have been c1assified into two major types: those inducing
cytochrome P448 and those that induce cytochrome P450 (Conney, 1982).
Sane chemicais do not induce a1) enzymes in the NFC system; other chemicais
may even suppress some enzymes. The production of active metabo1ites (e.g.
"bay region" dihydrodio) epoxides) may exceed the organism's abi1ity to
e1iminate these compounds a110wing a bui1dup of carcinogens. Converseiy,
substances 1ike buty1ated hydroxyanisoie (BHA) are anticarcinogenic because
they inhibit or a1ter the regiose1ectivity of AHH. BHA aiso induces a wide
variety of detoxifying enzymes.
Induction of the enzyme system commences with the passive transfer of the
inducer (e.g. BaP) across the ce11 membrane and the high1y specific binding to
a gene receptor. Foi1owing apparent transfer of the inducer—receptor comp1ex
to the nuc1eus, the response inc1udes the activation of numerous structura)
genes. The induction of metabo1ic enzymes fron these structura1 genes then
1eads to the formation of reactive intermediates of PAH and/or detoxified
products for e1imination (Nebert, gt_al., 1981).
  
MFO Induction in Fish
It was shown earlier that fish efficiently metabolize PAH. Rainbow trout
and coho salmon possess an inducible form of cytochrome P448. This form was
not induced by mirex, kepone, p,p'—DDT, or by p,p'-DDE - all considered to be
P450 inducers (Vodicnik, et al., 1981; Willis, et al., 1978). The P 48
—type inducers, 3—methylcholaﬁthrene and PCB (AFEcﬁTor 1254), strongiy induced
some components of the NFC system of trout. Thus, fish are capable of
metabolizing significant quantities of 4 and 5 ringed PAH under natural
conditions, which allows for their elimination and their lack of accumulation.
Benzo(a)pyrene is extensively metabolized in adult and juvenile English
sole (Paro hr 5 vetulus). Benzo(a)pyrene-7,8—dihydrodiol, benzo(a)pyrene-
9,10—diﬁyaroaiol and I— and 3-hydroxy benzo(a)pyrene were found in bile,
liver, muscle and gonads, indicating that toxic metabolites were formed
(Varanasi and Gmur, 1981). A number of studies have further shown that
certain reactive metabolites of BaP may bind to cellular macro-molecules in
fish (Varanasi, 33 31., 1981, Varanasi, st 31., 1982).
Consequence of PAH Metabolism by Fish
Brown bullheads (Ictalurus nebulosus), treated with repeated skin
applications of a PAH-containing organic solvent extract obtained from heavily
polluted river sediment, developed progressive skin alterations including
epidermal hyperplasia and papillomas (Black, 1983). Brown bullheads from
eastern Lake Erie and the upper Niagara River, where sediments and water
contain elevated levels of PAH, were observed to possess epidermal neoplasms;
including one observation of a highly invasive carcinoma. The anatomic
location of the lesions near the mouth suggests that contaminants encountered
during feeding may have been a factor (Black, 1982).
Sonstegard (1977) surveyed 50,000 Great Lakes fish between 1973 and 1976.
Gonadal tumors in carp, goldfish (Carassius auratus) and hybrids of these
species were observed as well as papillomas in white suckers (Catastomus
commersoni). There was significant tumor frequency clustering for white
suckers in the industrialized western region of Lake Ontario. All white
suckers in this region had neoplasms exclusively associated with the lips.
The upper lip, which has direct contact with bottom sediments, was most
affected.
Toxicology
PAH are of concern toxicologically due to their ability to induce
carcinogenic responses in mammals. In addition, mutagenicity and
teratogenecity have been reported. A summary of toxic effects in mammals for
PAH commonly found in water is shown in Table 10. Further, PAH and
specifically anthracene, are acutely toxic to fish at low levels (circa
12ug/L) in the presence of sunlight (Bowling, et 21., 1983). A statistically
significant, dose—related increase in the inciHEhce of stomach tumors
(papillomas and carcinomas) was shown to occur in mice fed with 1-250 ug/L BaP
in their diet (Neal and Rigdon, 1967). Tunors are also found in fishes,
although the precise dose level producing this effect is unknown.
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 Tab1
e 10
to mamma1s of PAH
common1y found in
water
(Christiansen, 1976)
The toxicity1
(mg/kg)
Re
1a
ti
ve
Compound Anima1 Carcinogenicity Neop1astic Mutagenicity Teratogenicity Letha1ityZCarcinogenicity3
Anthracen
e
rat
18000
3300
-4
-
-
Benzo(a)a
nthracene
mouse
2-240
-
-
-
-
Benzo(f)f
1uoranthe
ne mou
se
40—72
—
-
-
-
Benzo(j)f
1uoranthe
ne mou
se
288
-
Benzo(k)f1uoranth
ene mouse
72 26
40 -
- -
Benzo(
a)pyre
ne
rat
5—55
0.25-4
563
-
-
mouse 0
.002-7 —
monke
y
2
-
a:
rabbit
17
-
-
—
-
.
hamster 2
1-432 -
Benzo(e)p
yrene
mouse
516
140-160
-
-
-
Benzo
(ghi)
pery1
ene
-
-
-
Chrysene
mouse
200
99
-
-
—
Dibenz
o(ah)a
nthrac
ene
rat
0.5
-
-
mouse 0
.76-360 0.0
06-80 -
— 10
guinea pi
g -
30
-
-
-
F1uoranthene
rabbit -
-
-
— 2000-3
000
Indeno(1,
2,3cd)pyr
ene mou
se
72
-
-
Phenanthrene
mouse -
71
—
- 700
Pery1ene
-
-
-
-
Pyrene mouse - 10000 - - -
F1uorene
mouse -
—
6
-
+
I
I
I
ll
O
+
O
+
<
\
-
O
O
+
 
1. These data are derived from a variety of exposure routes (ora1, derma1, subcutaneous, intravenous, intraperitonea1,
intramuscu1ar, intracrania1, intratrachia1) over a broad range of exposure times (days to weeks).
2. Letha1ity may refer to 1etha1 doses (LDSOS) or to 1owest 1etha1 doses.
3. Re1ative activity on mouse epidermis - '0' = inactive; '+' = active; from Wynder and Hoffman (1962).
4. '-' = no data
 PAH are mainly noted for the carcinogenicity of neoplasticity in mammals
(Table 10). Benzo(a)pyrene was discovered to be carcinogenic many years ago
and has been extensively studied using a variety of exposure routes. However,
only a few tests have usedoral dosages. These tests show positive
tumorigenicity at dietary levels ranging from 5 to 10 mg/kg in rats (W. Gibel,
1964, in IARC) and hamsters (W. Dontenwill and U. Mohr, 1962, (Z. Krebsforsch,
65, p. 56 in IARC). BaP has been shown to induce tumors in mice in a
dose-response related manner of dietary levels of 40 to 250 mg/kg (Rigdon and
Neal found in the World Health Organization Drinking Water document). It is
important to note that the concept of threshold levels for carcinogenciity or
tumorigenicity has not been established. Single doses of benzo(a)pyrene at
levels below the above dietary levels have been shown to induce tumors
(W.H. Peirce, Nature, Egg, p. 164, 1961).
Current Regulatory Standards
 
Air Quality
Occupational standards are usually expressed as Threshold Limit Values
(TLV) and refer to concentrations of substances t3 which repeated exposure can
occur without adverse effects. A TLV of 0.2 ng/m for coaltar pitch
volatiles (benzene soluble fraction), aimed at minimizing exposure to
anthracene, BaP, phenanthrene, acridine, chrysene and pyrene, was adopted as
the U.S. federal standard under the Occupational Safety and Health Act of
1970; the Ontario Ministry of Labour has adopted a similar standard.
A cokg oven emission standard (benzene soluble fraction) with a TLV of
0.15 ng/m over 8 hours was also pronulgated by the U.S. Occupational Safety
and Health Administration. It has recently been recommended that this be
lowered to 0.1 ng/m3 as a cyclohexane soluble fraction.
The bulk of atmospheric PAH are associated with airborne particulate
matter. Current ambient air quality criteria for suspended particulates in
Ontario are 60 ug/m3 as an annual geometric mean, or 120 ug/m3 averaged
over 24 hours. The corresponding U.S. figures egtablished National Primary
Ambient Air Quality Standards of 75 and 260 ug/m respectively, while the
desirable secondary standards are 60 and 150 ug/m3 for annual and daily
measuranenti, respectively. Ontario regulations limit particulate emissions
at 100 uQ/m (measured as a half—hour average concentration at the point of
impingement).
Drinking Water
The World Health Organization (WHO) has recommended a maximum of 0.2ug/L
of PAH in drinking water expressed as a sum of six indicator PAH —
fluoranthene; benzo(b)fluoranthene; benzo(k)fluoranthene;BaP;
benzo(ghi)perylene; and indeno(1,2,3cd)pyrene. Recently, the World Health
Organization (WHO) has proposed a limit of 0.01ug/L for BaP in drinking water.
The U.S. Environmental Protection Agency has set no specific limit for PAH
in drinking water. However, the agency opted to require the best available
technology, namely treatment with granular activated carbon, to minimize
exposure to potentially harmful chemicals including PAH. Such a procedure was
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SUWMARY AND RECOMMENDATIONS
The
exp
osu
re
to
PAH
of
org
ani
sms
in
the
Gre
at
Lak
es
eco
sys
tem
is
ext
ens
ive
.
The
PAH
mos
t
com
mon
ly
rep
ort
ed
in
sed
ime
nts
and
wat
er
are
not
the
met
hyl
ate
d s
eri
es
ass
oci
ate
d w
ith
pet
rol
eum
hyd
roc
arb
ons
but
are
mai
nly
the
uns
ubs
tit
ute
d o
nes
ari
sin
g f
rom
com
bus
tio
n p
roc
ess
es.
PAH
acc
umu
lat
ion
may
occ
ur
in
org
ani
sms
at
tro
phi
c l
eve
ls
bel
ow
fis
hes
but
the
pre
sen
ce
and
sig
nif
ica
nce
of
the
ir
met
abo
lit
es
in
all
lev
els
are
onl
y p
oor
ly
kno
wn.
By
ana
log
y w
ith
mam
mal
ian
sys
tem
s,
how
eve
r,
suc
h c
omp
oun
ds,
whe
the
r p
are
nt
PAH
or
met
abo
lit
es,
are
dee
med
to
be
a c
onc
ern
.
As
a c
ons
equ
enc
e,
ant
hro
pog
eni
c
inputs are considered to be undesirable.
BaP
is o
nly
one
of t
he m
any
PAH
foun
d in
the
Grea
t La
kes
Basi
n ec
osys
tem,
but
the
Aqu
ati
c E
cos
yst
em
Obj
ect
ive
s C
omm
itt
ee
fee
ls
tha
t l
imi
tat
ion
s o
n B
aP
will
also
, d
e f
act
o,
lim
it
the
oth
ers
.
It
is
als
o t
he
PAH
for
whi
ch
the
mos
t
scientifically defensible data base exists.
BaP
has
been
show
n to
indu
ce t
umor
s in
mamm
als
in a
dose
—res
pons
e re
late
d
man
ner
at
die
tar
y l
eve
ls
of
40—
250
mg/
kg.
The
se
dat
a w
ere
use
d a
s t
he
bas
is
of
a r
isk
ass
ess
men
t f
or
hum
an
exp
osu
re
via
dri
nki
ng
wat
er
and
res
ult
ed
in
the
pro
pos
ed
NHO
gui
del
ine
of
0.0
1 p
g/L.
Mix
tur
es
of
PAH,
inc
lud
ing
BaP,
hav
e
also been found tocause tumors in fishes although the precise levels for them
are not so well established for mammals. Sediment and benthic organisms which
serve as food sources for many fishes are known to have similar levels of PAH
including BaP. Additionally, since fishes are continuously exposed to water
levels (as compared to the intermittent exposure of humans via drinking
water), it is felt that at least comparable protection would be necessary to
protect fishes against direct accumulation.
Therefore, the AEOC recommends a level of 0.01 ug/L of BaP as a maximum
concentration in water for the protection of fish and other aquatic organisms
fran carcinogenic or tumorigenic effects.
Benzo(a)pyrene has been shown to elicit tumorigenic response at mg/kg
levels in the diet. The AEOC is recommending a maximum level of 1 mg/kg of
BaP in sediment in order to limit the concentrations that would be accumulated
in benthic invertebrates. This objective should then protect fish and other
organisms from potential tumorigenic and carcinogenic effects caused by the
consumption of PAH-contaminated benthos.
Objective
For the protection of aquatic life, the levels of benzo(a)pyrene in the
sediments or in organisms serving as a food source for fish should not exceed
1.0 ug/g; levels ofBaP in water should be less than 0.01 pg/L.
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enzymes. They may be of equaT or greater concern.
Research and Monitoring
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t
La
ke
s
Wa
te
r
Qu
ai
it
y
Ag
re
em
en
t
an
d
in
ac
co
rd
an
ce
wi
th
th
e
Te
rm
s
of
Re
fe
re
nc
e
fo
r
th
e
AE
OC
;
—
id
en
ti
fy
an
d
re
co
mm
en
d
ap
pr
op
ri
at
e
sy
st
em
va
ri
ab
Te
s
fo
r
fu
tu
re
mo
ni
to
ri
ng
based on these concepts; and
—
ex
pT
or
e
an
d
de
ve
To
p,
if
ap
pr
op
ri
at
e,
ot
he
r
ec
os
ys
te
m
ap
pr
oa
ch
es
wi
th
po
te
nt
ia
T
ap
pT
ic
at
io
n
to
th
e
Gr
ea
t
La
ke
s
Ba
si
n.
Th
e
TF
IE
Q
in
te
rp
re
te
d
an
d
th
e
AE
OC
ag
re
ed
,
th
at
it
s
ch
ar
ge
is
de
sc
ri
be
d
un
de
r
th
re
e
ge
ne
ra
T
ar
ea
s
of
co
nc
er
n:
(1
)
to
ad
dr
es
s
th
e
po
Ti
cy
ad
op
te
d
by
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 th
e
IJC
fo
r
an
"e
co
sy
st
em
ap
pr
oa
ch
“;
(2)
to
de
ve
To
p
th
e
co
nc
ep
t
of
an
ind
ica
tor
—in
teg
rat
or
org
ani
sm
usi
ng
the
Tak
e t
rou
t a
s a
n e
xam
pTe
;
and
(3)
to
fur
the
r t
he
con
cep
t
of
an
"ec
osy
ste
m
obj
ect
ive
"
thr
oug
h
use
of
the
Tak
e
tro
ut
and other compTementary indicator organisms.
The
Tas
k F
orc
e h
as
exc
eed
ed
the
abo
ve
Ter
ms
of
Ref
ere
nce
by
pro
vid
ing
in
add
iti
on,
a m
eth
odo
iog
y b
y w
hic
h t
his
con
cep
tua
i
app
roa
ch
may
be
tra
nsf
err
ed
int
o m
ana
gem
ent
dec
isi
on—
mak
ing
and
uTt
ima
teT
y,
int
o a
cti
on
aTo
ng
the
Tin
es
of
rehabiiitation or measures to mitigate stresses.
ReTated Activities
A n
umb
er
of
act
ivi
tie
s o
f o
the
r g
rou
ps
are
und
er
way
whi
ch
are
reT
eva
nt
to
the
wor
k o
f t
he
TFI
EQ.
Tho
se
wit
h w
hic
h t
he
Tas
k F
orc
e
is
par
tic
uTa
rTy
invoTved are:
(1)
Sai
mon
id
Wat
ch
- t
he
SaT
mon
id
Wat
ch
has
bee
n a
cti
ve
for
mor
e t
han
a
yea
r n
ow
and
is
int
end
ed
to
ite
miz
e a
rea
s o
f g
iob
ai
env
iro
nme
nta
i
con
cer
n u
tiT
izi
ng
var
iou
s s
aTm
oni
d S
pec
ies
as
ind
ica
tor
s.
The
chai
rman
and
seve
raT
memb
ers
of t
he T
FIEQ
are
asso
ciat
ed w
ith
this
ini
tia
tiv
e.
The
SaT
mon
id
Wat
ch
is
spo
nso
red
by
the
Int
ern
ati
ona
T
Union for the Conservation of Nature.
(2)
The
Ass
oci
ate
Com
mit
tee
on
Sci
ent
ifi
c C
rit
eri
a f
or
Env
iro
nme
nta
T
QuaT
ity
(Nat
iona
l R
esea
rch
Coun
ciT
Cana
da)
has
comm
issi
oned
a re
port
on t
he s
tren
gths
of a
ppro
ache
s be
ing
used
to a
sses
s im
pact
s wi
thin
aquatic ecosystems. The chairman and one member of TFIEQ are
participating in this initiative.
(3)
Con
fer
enc
e o
n L
ake
Tro
ut
Res
ear
ch
- T
his
con
fer
enc
e,
spo
nso
red
by
the
GLFC, dealt with strategies for rehabiiitation in the Great Lakes and
was designed specificaTTy to identify research needs for the Take
trout, estabTish optimum experimentai design and to recommend
resource aiiocation. The chairman of the TFIEQ has participated in
a11 pre—conference activities, inciuding the Habitat Group at the
conference held at Goderich, August 198 .
(4) HeaTth of Aquatic Communities Task Force (HACTF) (SAB) - This group
' has simiTar goaTs to the TFIEQ in that it seeks information on ways
to measure stresses on aquatic ecosystems. The Chairpersons of both
the TFIEQ and the HACTF participate as members in AEOC meetings.
Report Status
The Task Force has produced the first draft of a document entitTed "A
Proposed Approach for the AppTication of BioTogicaT Indicators for the
Determination of Ecosystem Quality in the Great Lakes Basin“. The generaT
concensus of the TFIEQ and AEOC is that the manuscript shou1d initialiy be
reviewed internaTTy, aTthough scientists externaT to TFIEQ and AEOC with
appropriate expertise have been encouraged to provide contributions. At Teast
three have compTied and made significant contributions to date.
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The
int
rod
uct
ion
to
the
doc
ume
nts
est
abl
ish
es
the
ter
ms
of
ref
ere
nce
of
the
Tas
k
For
ce
rel
ati
ve
to
the
res
pon
sib
ili
tie
s
of
the
IJC
and
the
GLF
C,
as
do
cu
me
nt
ed
in
th
e
19
78
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
an
d
th
e
ra
ti
fi
ca
ti
on
of
th
e
Con
ven
tio
n
on
Gre
at
Lak
es
Fis
her
ies
of
195
5,
whi
ch
cre
ate
d t
he
GLF
C.
A
dis
cus
sio
n
of
eco
sys
tem
att
rib
ute
s
out
lin
es
new
app
roa
che
s t
hat
may
be
tak
en
to
ass
ess
the
sta
tus
of
the
Gre
at
Lak
es
eco
sys
tem
and
wil
l
com
ple
men
t
exi
sti
ng
met
hod
s.
One
suc
h a
ppr
oac
h i
s t
hro
ugh
the
use
of
ind
ica
tor
—in
teg
rat
or
org
ani
sms
.
A
sea
rch
for
an
apo
sit
e
org
ani
sm
of
gen
era
l
uti
lit
y
was
fin
ali
zed
by
the
est
abl
ish
men
t
of
a
set
of
cri
ter
ia
tha
t
wou
ld
des
cri
be
the
"ne
ar-
per
fec
t"
org
ani
sm
for
thi
s p
urp
ose
.
0f
the
man
y s
pec
ies
co
ns
id
er
ed
,
th
e
la
ke
tr
ou
t
ca
me
cl
os
es
t
to
sa
ti
sf
yi
ng
all
of
th
e
cr
it
er
ia
.
The
Tas
k F
orc
e t
her
eby
pro
cee
ded
to
dev
elo
p t
he
con
cep
t o
f
ind
ica
tor
—in
teg
rat
or
org
ani
sms
uti
liz
ing
the
lak
e t
rou
t
as
an
exe
mpl
ary
or
ga
ni
sm
fo
r
ol
ig
ot
ro
ph
ic
sy
st
em
s.
Th
e
am
ph
ip
od
Po
nt
op
or
ei
a
hoy
i
is
pr
op
os
ed
as
a
su
it
ab
le
or
ga
ni
sm
to
co
mp
le
me
nt
th
e
la
ke
tr
ou
t
in
ol
ig
ot
ro
pﬁ
ic
sy
st
em
s,
whi
le
the
wal
ley
e
is
dee
med
a m
ost
app
rop
ria
te
org
ani
sm
for
mes
otr
oph
ic
sy
st
em
s;
th
e
Fo
rs
te
r'
s
te
rn
is
re
co
mm
en
de
d
fo
r
use
as
an
in
di
ca
to
r
fo
r
wetlands surrounding the Great Lakes.
An
ec
os
ys
te
m
ob
je
ct
iv
e
fo
r
ol
ig
ot
ro
ph
ic
sy
st
em
s
ba
se
d
on
ly
on
th
e
la
ke
tr
ou
t
is
de
sc
ri
be
d
as
th
e
at
ta
in
me
nt
an
d
ma
in
te
na
nc
e
of
an
en
vi
ro
nm
en
t
of
su
ff
ic
ie
nt
sc
op
e
an
d
qu
al
it
y
to
en
su
re
th
e
pe
rp
et
ua
ti
on
of
a
mo
de
ra
te
ly
st
ab
le
co
ld
—w
at
er
co
mm
un
it
y
of
or
ga
ni
sm
s.
Wi
th
in
th
is
st
ab
le
co
mm
un
it
y,
na
tu
ra
ll
y
re
pr
od
uc
in
g,
ge
ne
ti
ca
ll
y
di
ve
rs
e
st
oc
ks
of
la
ke
tr
ou
t
wi
ll
be
th
e
te
rm
in
al
pr
ed
at
or
s
an
d
th
e
pr
im
ar
y
co
nt
ro
ll
in
g
co
mp
ar
tm
en
t.
Im
pl
ic
it
wi
th
in
th
e
ob
je
ct
iv
e
is
th
e
un
de
rs
ta
nd
in
g
th
at
op
ti
ma
l
ha
rv
es
ts
of
la
ke
tr
ou
t
an
d
ot
he
r
co
ld
—w
at
er
co
mm
un
it
y
co
mp
on
en
ts
ma
y
be
ta
ke
n
by
va
ri
ou
s
us
er
gr
ou
ps
wi
th
ou
t
di
sr
up
ti
ng
th
e
st
ea
dy
—s
ta
te
un
du
ly
,
an
d
th
at
th
e
ha
rv
es
t
in
te
nd
ed
fo
r
hu
ma
n
co
ns
um
pt
io
n
sh
al
l
be
sa
fe
an
d
pa
la
ta
bl
e.
Th
e
re
ma
in
de
r
of
th
e
Ta
sk
Fo
rc
e
do
cu
me
nt
pr
ov
id
es
ac
co
un
ts
of
hi
st
or
ic
co
nd
it
io
ns
of
en
vi
ro
nm
en
t
an
d
bi
ot
a
pr
ov
id
in
g
a
me
tr
ic
by
wh
ic
h
to
ju
dg
e
cu
rr
en
t
co
nd
it
io
ns
us
in
g
in
di
ca
to
r
sp
ec
ie
s.
Th
e
pr
in
ci
pa
l
im
pa
ct
s
on
la
ke
tr
ou
t
ar
e
de
sc
ri
be
d
un
de
r
fo
ur
ge
ne
ra
l
he
ad
in
gs
in
cl
ud
in
g:
ex
pl
oi
ta
ti
on
,
se
a
la
mp
re
y,
co
nt
am
in
an
ts
an
d
ot
he
r
cu
lt
ur
al
ly
in
du
ce
d
ef
fe
ct
s
su
ch
as
eu
tr
op
hi
ca
ti
on
,
ac
id
lo
ad
in
g,
ha
bi
ta
t
al
te
ra
ti
on
s
an
d
in
tr
od
uc
ti
on
s
of
ex
ot
ic
spec1es.
A
pr
ac
ti
ca
l
ex
am
pl
e
to
th
e
use
of
th
e
in
di
ca
to
r
sp
ec
ie
s
ap
pr
oa
ch
is
pr
ov
id
ed
by
a
di
ch
ot
om
ou
s
ke
y
of
st
re
ss
sy
mp
to
ms
wh
ic
h
wi
ll
al
lo
w
th
e
ec
os
ys
te
m
ma
na
ge
r
to
id
en
ti
fy
th
e
li
ke
ly
so
ur
ce
of
a
st
re
ss
us
in
g
sy
mp
to
ms
el
ic
it
ed
by
la
ke
tr
ou
t
fo
ll
ow
in
g
on
e
or
mo
re
cu
lt
ur
al
in
te
rv
en
ti
on
s.
Wh
il
e
th
is
ke
y
as
cu
rr
en
tl
y
co
ns
ti
tu
te
d,
do
es
no
t
re
pr
es
en
t
ex
ha
us
ti
ve
tr
ea
tm
en
t
of
al
l
st
re
ss
po
ss
ib
il
it
ie
s,
th
e
ac
cu
mu
la
ti
on
of
ap
pr
op
ri
at
e
da
ta
ov
er
ti
me
wi
ll
ensure more complete coverage.
Th
e
di
ch
ot
om
ou
s
ke
y
at
pr
es
en
t,
ho
we
ve
r,
wi
ll
be
us
ef
ul
in
as
si
st
in
g
th
e
ec
os
ys
te
m
ma
na
ge
r
to
co
ns
id
er
al
l
li
ke
ly
so
ur
ce
s
of
ec
os
ys
te
m
im
pa
ct
s
as
de
te
rm
in
ed
th
ro
ug
h
ca
re
fu
l
co
ns
id
er
at
io
n
of
th
e
st
at
us
of
la
ke
tr
ou
t
st
oc
ks
.
A
me
nu
—d
ri
ve
n
co
mp
ut
er
iz
ed
ve
rs
io
n
of
th
e
di
ch
ot
om
ou
s
ke
y
pr
ov
id
es
bo
th
a
se
qu
en
ti
al
an
d
a
sy
st
em
at
iz
ed
ap
pr
oa
ch
to
th
e
pr
ob
le
m
of
id
en
ti
fy
in
g
th
e
ge
ne
ra
l
le
ve
l
of
ec
os
ys
te
m
"h
ea
lt
h"
.
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Futu
re i
niti
ativ
es o
f th
e Ta
sk F
orce
shou
id a
ddre
ss r
ates
of r
espo
nse
to
degr
adat
ion
or r
ehab
iiit
atio
n; t
he u
se o
f ot
her
indi
cato
rs f
or t
he a
sses
smen
t
of d
iffe
rent
envi
ronm
ents
; a
cios
er e
xami
nati
on o
f ot
her
bioi
ogic
a]
indi
cato
r
approaches; the indicator approach as it reiates to rehabiiitation success.
It is suggested that the report shouid be pubiished jointiy by the GLFC
and the IJC. This wou1d acknowiedge, in part, the invaiuabie assistance which
the GLFC has provided to the TFIEQ. In this connection, it is recommended
that the SAB recommend that the IJC formaiiy accept the GLFC's offer of joint
sponsorship of the TFIEQ.
...62..
 4.‘ Future Directions
TOXAPHENE AND LINDANE
An
obj
ect
ive
cur
ren
tly
exi
sts
for
lin
dan
e b
ut
rep
ort
s o
f i
ts
occ
urr
enc
e i
n
the
Gre
at
Lak
es
sys
tem
nee
d r
e-e
xam
ina
tio
n.
Rec
ent
inf
orm
ati
on
ind
ica
tin
g
toxaphene presence in upper lakes fishes and interference in some PCB
det
erm
ina
tio
ns
rai
ses
con
cer
ns
abo
ut
the
lev
els
and
pos
sib
le
imp
act
of
thi
s
pest
icid
e.
A re
view
for
each
of t
hese
subs
tanc
es
is i
n pr
epar
atio
n.
AMMONIA
The
exi
sti
ng
obj
ect
ive
for
amm
oni
a d
oes
not
tak
e i
nto
acc
oun
t t
he
imp
act
of
alk
ali
nit
y o
n t
oxi
c e
ffe
cts
to
aqu
ati
c b
iot
a.
A r
e-e
xam
ina
tio
n o
f t
he
dat
a
base is in process.
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TERMS OF REFERENCE FOR THE
AQUATIC ECOSYSTEM OBJECTIVES COMMITTEE OF THE
SCIENCE ADVISORY BOARD
The Aquatic Ecosystem Objectives Committee (AEOC) of the Science Advisory
Board will:
1. Develop aquatic ecosystem objectives. Where feasible, these should
be in the form of use effect curves, for various uses, and always
including the most sensitive use.
2. Regularly review objectives and recommend amendment or introduction,
based upon all available criteria.
3. Establish task forces to develop position papers on which to base the
development of new or altered objectives.
4. Set general guidelines under which the objectives will be developed
and define some minimum levels of scientific information at which an
objective can be defined.
5. Develop an approach for the selection and ordering of parameters to
be addressed.
6. Identify gaps in the knowledge needed to develop objectives and
recommend the research required to fill the gaps.
MEMBERSHIP
The
AEOC
will
cons
ist
of e
ight
memb
ers:
two
aqua
tic
toxi
colo
gist
s,
thre
e
wate
r qu
alit
y sp
ecia
list
s (
one
each
from
the
prov
inci
al,
stat
e,
and
one
of t
he
federal governments), a limnologist, an aquatic chemist, and a human health
aspects expert.
SUBMISSION OF PROPOSED OBJECTIVES
"Since the Science Advisory Board has the resonsibility for adivsing on
poli
cy i
mpli
cati
ons
of p
ropo
sed
obje
ctiv
es o
n an
3g h
oc b
asis
, th
e Co
mmis
sion
plan
s to
advi
se
the
Scie
nce
Advi
sory
Boar
d to
take
t e
init
iati
ve i
n th
e st
udy
of n
ew o
r re
vise
d wa
ter
qual
ity
obje
ctiv
es,
in c
onsu
ltat
ion
with
the
Wate
r
Quality Board as required, and to forward reports simultaneously to the
Com
mis
sio
n a
nd
the
Wat
er
Qua
lit
y B
oar
d.
Thu
s,
the
stu
dy
of
obj
ect
ive
s w
ill
not
be d
epen
dent
on a
ctio
ns o
f th
e Wa
ter
Qual
ity
Boar
d, b
ut t
here
will
be a
n
opp
ort
uni
ty
for
the
Boa
rd
to
adv
ise
the
Com
mis
sio
n o
n t
he
pra
cti
cab
ili
ty
of
the
obj
ect
ive
s u
nde
r c
ons
ide
rat
ion
or
on
the
nee
d f
or
add
iti
ona
l s
tud
y f
rom
the Water Quality Board perspective." (Excerpt from a letter dated May l3,
198
0,
fro
m t
he
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
to
the
Sec
ret
ary
of
the
Wat
er
Quality Board).
REVISED AND APPROVED BY THE
SCIENCE ADVISORY BOARD
SEPTEMBER 3, I980
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